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(54) OUTPUT CIRCUIT OF SEMICONDUCTOR DEVICE WITH TEST MODE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an output circuit capable of turning 
off the output transistor of an output circuit part that is not used as an 
output circuit in a bit compression test mode, in a test mode. 
SOLUTION: The same signal as a test mode signal for stopping the latch 
signal of an output circuit part in a bit compression test mode is inputted 
also to an output circuit part that is not used in the bit compression test 
mode, thus turning off the output transistor. More specifically, a power 
supply on signal and a test mode signal are inputted to an NOR element 24 
and the output is inputted to an NAND element 23 of the latch circuit thus 
turning off a transistor 22 for high output and a transistor 29 for low output 
in the test mode. 
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[0002] [Prior Art] 

Fig 3 is a block diagram showing the structure of the data output unit of an output circuit 
having a bit-compression test function. In read-out busses (B1T,B IN)... (BnT,BnN), 
during read-out mode, n-bit read-out data read out from a selected memory cell is output, 
and this data is latched by data latch circuits 101-l~101-ri. During normal mode, output 
signals (D1T,D1N)... (DnT,DnN) of data latch circuits 101-l~101-n are input to output 
circuits 102-l~102-n, and this data is output from data terminals 103-l~103-n. During 
bit compression test mode, output signals DIT-DnT of data circuits 101-1— 101-n are 
input to bit compression circuit 4 and compressed to an arbitrary number of bits. In the 
example of Fig 3, data is compressed to 1 bit, input only to output circuit 102-1, and 
output only to output terminal 103-1 . The test mode signal and the clock signal are input 
to latch signal generator circuit 105, and the latch signal, output from said latch signal 
generator circuit 105, is input to latch-circuits 101-l~101-n and to output circuits 102- 
l~102-n. The power supply on signal, output from power supply circuit 106, is input to 
output circuits 102- 1-1 02-n. 

[0003] 

Next, setting output circuit output to high impedances as conventionally performed 
during power-up will be explained. Normally in semiconductor devices, in order to avoid 
faulty system behavior during power-up, a reset signal that is generated only at power-up 
is produced, and the output transistor is turned off. 



[0004] 

Fig 4 shows an example of the wave forms of the power supply at power-up and of the 
power supply on signal (the output transistor reset signal) of power supply circuit 106. 
As the power supply [voltage] increases, the power supply on signal [strength] also 
increases, but after a given interval, the power supply on signal returns to LOW. 
This signal wave-form is an example, and by using this kind of signal, output transistors 
4, 14, 22, and 29 in the output circuits shown in Fig 5 can be turned off. However, the 
behavior of this kind of circuit depends, among other things, on the duration of the power 
supply boot-up process, and the power supply on signal may not always be output. 

[0005] 

Fig 5 is a circuit diagram showing a conventional output circuit. Fig 6 is a common read- 
out mode timing chart of an 8-bit output circuit, and Fig 7 is a circuit diagram showing 
latch signal generator circuit 105. Functioning of read-out mode and bit compression 
mode will now be concretely explained using these concrete example circuits. 

[0006] 

To begin with, normal read-out functioning will be explained. Latch signal generator 
circuit 105 of Fig 7 delays the clock signal and creates latch signal LI by means of delay 
circuit 3. In normal read-out mode, the test mode signal is maintained LOW, and data of 
read-out busses BIT, B1N-B8T, B8N is latched in data latch circuits 101-1-101-8 by 



means of latch signal LI, which is produced by delaying the clock signal in latch signal 
generator circuit 105 of Fig 7. 



[0007] 

Output circuits 102-1-102-8 of Fig 5 are structured to include latch circuits. Adding 
logic [circuitry] to the data transmission bus used in read-out mode would cause 
undesirable transmission delay, so during bit-compression test mode in the data output 
circuit, the power supply on signal is input to latch circuit NAND gates 7,16,31 and 34 
via inverter gates 10 and 32, and test result signal OUT1 and OUT2 are input to NAND 
gates 9 and 18. Latched signals D 1 T,D 1 N-D8T,D8N are latched in output circuits 102- 
1-102-8 by means of latch signal L2, and output to output terminals 103-1-103-8. 

[0008] 

In the following, data compression test mode will be explained. Fig 8 is a data 
compression test mode timing chart, and Fig 9 is a circuit diagram showing an 8-bit 
compression circuit. Data from readout busses B 1 T,B 1N~B8T,B8N is latched in data 
latch circuits 101-1-101-8 by means of latch signal LI produced in the latch signal 
generator circuit of Fig 7. Latched signals D1T-D8T are compressed to 1 bit by the data 
compression circuit of in Fig 9. 

[0009] 

The data compression circuit of Fig 9 is a logic circuit which decides whether or not all 
data values from D1T-D8T are identical. If they are identical, test result output signal 



0UT1 is set to LOW and test result output signal OUT2 to HIGH, but if even a single 
data value differs from the rest, test result output signal OUT1 is set to HIGH and test 
result output signal OUT2 is set to LOW. 



[0010] 

In other words, if test result output signal OUT1 is LOW and is test result output signal 
OUT2 is HIGH, the test is said to pass, but if test result output signal OUT1 is HIGH and 
test result output signal OUT 2 is LOW, the test said to fail. 

[0011] 

Further, when the test mode signal is not set to bit compression test mode, the circuit 
keeps test result output signals OUT1 and OUT2 is set to LOW. Further, latch signal L2, 
being an input signal to the output circuit units, is produced as a logical function of the 
test mode signal and the clock signal so as to be set to LOW during test mode. 
Consequently, transfer transistors 2, 12, 20, and 26 stay closed. Test result output signals 
OUT1 and OUT2, having been compressed to 1 bit by the bit compression circuit, are 
input to NAND gates 9 and 1 8 of the latch circuit section of the output circuits. When 
test result output signal OUT1 is LOW and test result output signal 0UT2 is HIGH, 
output transistor 4 is turned off and output transistor 14 is turned on, and a LOW signal is 
output to output terminal 103-1. When test result output signal OUT1 is HIGH and test 
result output signal 0UT2 is LOW, output transistor 4 is turned on and output transistor 



14 is turned off, and a HIGH data [sic] is output to output terminal 103-1. 



[0012] 

[Problems to be solved by the invention] 

However, there is the following problem point in the above described conventional 
output circuit. During power-up, given power-up conditions in which the power supply 
on signal is not output, if bit compression mode is started by error, latch jsignal L2 of the 
output circuit is fixed to OFF, and it is impossible to know in which output circuits riot 
outputting test data there is latched data which might continue to output to the output 
terminal. 



[0013] 



The present invention, conceived in view of this problem, aims to offer an output circuit 
for a semiconductor device possessing a test mode which can avoid data output from the 
output terminals during power-up even in the case that bit compression test mode is 
started by error. 

[0025] 

Next, the functioning of the output circuit of the so-constructed present preferred 
embodiment will be explained. Read-out and bit-compression modes function the same 
as in the conventional case. That is, during standard read-out mode, the clock signal is 
delayed and latch signal LI is produced by means of delay circuit 37 of latch signal 
generator circuit 105 of Fig 7. During standard read-out mode, test mode signal is set to 



LOW, and data from read-out busses BIT, BIN-B8T, B8N is latched in data latch 



circuits 101-1-101-8 by means of latch signal LI produced by delaying the clock signal 
in latch signal generation circuit 1 05 of Fig 7. 

[0026] 

During bit compression test mode, in output circuit 102-1, which is used for data output, 
the power supply on signal is input to latch-circuit NAND gates 7 and 16 via impedance 
10, and test result output signals OUT1 and OUT2 are input into NAND gates 9 and 18. 
Test result output signals OUT1 and OUT2 are generated in bit-compression circuit 4, the 
same as in the conventional case (Figs 8 and 9). Latched signals D1T and DIN are 
latched in output circuit 102-1 by means of latch signal L2, and are output to output 
terminal 1 03-1 . The output circuit used for data output in test mode works the same as 
the conventional output circuit shown in Fig 5. 

[0027] 

The functioning of output circuits 102-2-102-8 which do not output data during test 
mode differs from that in a conventional output circuit. In particular, in output circuits 

102- 2-102-8 which do not output data during test mode, a signal identical to the test 
mode signal that stops latch signal L2 is input into NOR gate 24, [the output of] which is 
transmitted to the second input of NAND gates 23 and 28 of the latch circuit. By this 
arrangement, because the output transistors are turned off, if latch signal L2 is fixed to 
LOW by the test mode signal, by no means will any data be output from output terminals 

103- 2-103-8 of output circuits 102-2-102-8 which dcTnot ouTput "data during test mode^ 



Further, even if bit compression test mode is started by error during power-up, it is 
possible to definitively switch off the output transistors by means of the test-mode signal. 

[0028] 

Next, a second preferred embodiment will be explained with reference to Fig 2. The 
point in which the present preferred embodiment differs from that shown in Fig 1 is the 
input position of the test mode signal to output circuits 102-2-102-8 which do not output 
data during test mode. As shown in Fig 2, instead of impedances 21 and 27 of Fig 1 
between gates of transistors 22 and 29 and transistors 20 and 26 respectively, NOR gates 
30 and 33 are used. The second input to NOR gates 30 and 33 is the test mode signal. 
Further, the output of NOR gates 30 and 33 is input to one input of NAND gates 31 and 
34, respectively, and the power supply on signal, inverted by impedance 32, is input into 
the other input of NAND gates 3 1 and 34. 

[0029] 

In the present preferred embodiment, a signal identical to the test mode signal used to 
stop latch signal L2 is input into NOR gates 30 and 33, and because the output transistor 
is turned off, if latch signal L2 is set to LOW by means of the test mode signal, by no 
means will any data be output from output terminals 103-2-103-8 of output circuits 102- 
2-102-8 which do not output data during test mode. 

[0030]" ~ ; 



Further, in the present preferred embodiment, functioning of output circuit 102-1 for 
outputting compressed data during read-out and bit compression test mode is the same as 
in the conventional case, so an explanation of it will be omitted here. 

[0031] [Effects of the invention] 

As explained above, the output circuit of the present invention, by means of inputting to 
the output circuits not outputting data a signal identical to that for stopping the latch 
signal of the output circuit during bit compression test mode, high or low output 
transistors can be reliably switched off. 

[Simple Explanations of the Figures] 

Fig 1 : Circuit diagram showing the output .circuit of the first preferred embodiment of 
the present invention 

Fig 2: Circuit diagram showing the output circuit of the second preferred embodiment of 
the present invention 

Fig 3: Block diagram showing the structure of a semiconductor device having a bit- 
compressor test circuit 

Fig 4: Diagram showing power supply on signal wave form at power-up 

Fig 5: Circuit diagram showing a conventional output circuit 

Fig 6: Signal wave-form diagram during read-out mode 

Fig 7: Circuit diagram showing a latch signal generator circuit 

Fig 8: Signal wave-form diagram during bit compression test mode 

Fig 9: Circuit diagram showing a bit compression circuit 



[Explanation of Diagram Numbering] 

1, 3, 5, 10, 11, 13, 19, 21, 25, 27, 32, 36, 40: Impedances 

6, 8, 12, 15, 17, 20, 26: N-type MOS transistors 
4, 22: High data output N-type MOS transistors 

7, 9, 16, 18, 23, 28, 31, 34, 35, 38: NAND gates 
14, 29: LOW data output N-type MOS transistors 
4,24, 30, 33, 39: NOR gates 

37: Delay circuit 

101- 1 ~ 101 -n: Latch circuits 

102- 1 ~ 102-n: Output circuit 

103- 1 ~ 103-n: Output terminals 
104: Bit compression circuit 

1 05: Latch signal generator circuit 
1 06: Power supply circuit 
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